Abstract: AR (augmented reality) is a technology that adds information to the real world adding virtual elements to its visualization in real time. AR used in AECO (architectural, engineering, construction and operations) can contribute in augmenting visualization during design, construction and operation of the buildings. This article presents a study that applies AR to building assessment with BIM (building information) model visualization. The use of AR on existing applications for smart phones and tablets is validated. AR proposed an adaptation of the method of POE (post-occupancy evaluation) subsidized. Traditional POE process model involves three phases: planning, conducting and applying. In order to incorporate AR, it is proposed a total restructuring of the planning phase, developing the research instruments in three steps: 3D modeling, model treatment and AR application development. It was observed that for POE studies, the 3D models are in large scale and need to be detailed for precise comparison. BIM models for facility management, representing building use situation, are of the highest level of detail. A balanced point between simplicity and representativeness was the solution adopted in this experiment for uploading and downloading performance issues. This article presents and discusses findings for the new proposition for the activity of research instruments development for the planning phase of POE with AR as well as initial tests with first results and difficulties faced.
Introduction
 AR (augmented reality) can be summarized as a technology that uses VR (virtual reality) to add virtual objects to real environments in real-time, using technological devices for the visual overlapping of images [1, 2] . Virtual reality is known as a technology that adds the dimensions of immersion and interactivity to three-dimensional computer generated models and offers an exploration that is not viable with the traditional form of representation [3] . In architecture and construction, these technologies can assist in the design and visualization of architectural forms, results of simulation and analysis of energy issues as well as in the manufacturing of structural components or directly in the construction, for example, at the construction site or during POE (post-occupancy evaluation) [4] .
AR is in constant evolution and has been facilitated with the development of portable equipments, which allow the visualization of virtual objects in real time in mobile manner. Another improvement is the increased availability of programs for the development of AR applications.
Within this context, mobile AR can support agents responsible for technical reviews of buildings performing POE. AR may allow more accurate perception of the interventions made by the residents, collaborating with the adjustment of future developments. POE is a systematic and rigorous process to evaluate the built environment after it has been occupied for some time [5] . This process, in addition to identifying user satisfaction, building performance and pathologies, can also reveal building retrofits made to adapt to the users' requirements or change of function. Retrofits done by residents reveal important aspects and values that may be incorporated into the design process of new buildings of the same type. Traditional data collection for retrofits detection is made with questionnaires which depend on user memory and disciplined observation by the researcher of the built environment in comparison to original design. Therefore, if POE for retrofit detection is less based in users' memory and more based on accurate observation, this could represent more efficient results. Thus, AR may represent this gain by applying its resources for identifying reforms. The BIM (building information) model visualized against the real constructed and used building could be used in this situation. It is a promising solution to improve the state of the art in visualization in architecture, design process, construction processes and facility management, emphasizing on POE.
This article presents the use of mobile AR system for tablets supporting POE. The long-term aim is to improve retrofit identification while walking through the existing built environment. A research is presented where POE instruments incorporate AR for low income housing. The study is developed in the city of Campinas, in the state of São Paulo, Brazil.
Groundings

Building Assessment of Low Incoming Housing
The focus of POE should be on the occupants of the buildings and their needs, in order to give evaluators the perception of the consequences of decisions taken during the design and its results in terms of performance and attendance to user needs [5] . The main objective of this type of study is to provide knowledge based on real facts that allows the design of more suitable buildings in future projects.
In terms of dwellings designed and constructed for the low-income population, that is social housing, it is noted that the projects do not always meet users' expectations. This fact in Brazil, along with the lack of urban infrastructure, creates dissatisfaction and causes structural, functional or aesthetic user interventions in housing in the search for a better quality of life [6] . POE collected data are in the form of numbers, text, images, drawing and recordings. The visualization of results is usually indirect in the form of tables, graphs and schemas. Therefore, the use of technological resources to facilitate design feedback can mean a step forward in the search for improvement of future construction, using such information.
In this sense, the use of AR can make the process of POE faster and better understood by technical agents that make the evaluation of housing, allowing also the improvement of the presentation. 
Mobile Augmented Reality
With although smaller but more powerful computers, new mobile applications emerge combining technologies such as global tracking, wireless communication and location-based services, allowing AR possible to be used by anyone and anywhere [7] . In early proposition of mobile AR [8] , computers were carried by users using a see-through HMD (head-mounted display), allowing to move freely and with correct location through the technology of GPS (global positioning system).
With the rise of tablets and smartphones equipped with GPS, wireless or mobile communication, AR becomes more versatile [9] . These devices combine the processing power, memory, interaction technology, GPS, digital compass, and integrated camera that allow viewing of built environment and with real-time mixing of virtual objects [10] . With the ability of these mobile devices and simplification in terms of hardware, there is a possible increase in the range of potential uses for AR [11] . AR applications have been developed for tablets and smartphones for multiple uses: entertainment, guides and education are some examples. These applications apply constantly evolving technology, especially in the case of applications developed for use over the Internet.
Building Information Modeling
According to Succar [12] , BIM is an emerging technology and requires a procedural change for the sectors of AECO (architecture, engineering, construction and operations), as a modeling technology and associated processes to produce, analyze and communicate information with information models of buildings [13] . Since the building information model must be reused by different agents in different situation throughout the building life cycle, these agents may input the information model in varying computer programs. This results in model transformation, therefore, interoperability is essential. Interoperability allows improved collaboration and is achieved when there is no or low loss of information from the reuse of the information model.
The evolution of a BIM model is described in the LoD (level of detail) from the lowest level in the conceptual phase, gradually increasing in level of accuracy and representation for the construction phase, manufacture and operation [14] .
LoD also corresponds to level of development establishing the requirements for model content at five progressive levels of development, and the authorized uses of the model content at each level of development [15] . According to the AIA (American Institute of Architects) Document G202-2013, these levels of development are LoD 100 for overall building massing, LoD 200 for generalized systems or assemblies, LoD 300 for specific assemblies accurate in terms of quantity, size, shape, location and orientation, LoD 400 for specific assemblies with complete fabrication, assembly, and detailing information and LoD 500 for constructed actual assemblies (as-built conditions). The model is suitable for maintenance and operations of the facility. There is a great interest in research related to the use of information models, but few investigate the effort required to generate the model in different LoDs and their impact on design [16] .
LoD of BIM models affects use in mobile AR because 3D content must be uploaded and rendered in real time though the Internet and BIM model's LoD interfere in the model file size, consequently, in the data transmission on the web. The simplification of 3D content for uploading and downloading performance issues is required in this case and a balanced point between simplicity and representativeness should be found for the model. The LoD of the model itself may not change, but it has to be filtered to determine the final file size.
Research Method
The POE process model proposed by Preiser, Rabinowitz and White [5] is adopted, involving three phases: planning, conducting and applying (Fig. 1) . In order to incorporate AR, a total restructuring of one activity of the planning phase is proposed, that is, the development of research instruments. It is foreseen that [5] for this initial planning phase not change due to the use of AR, therefore are maintained. The second phase of a POE is the conducting phase, which includes on-site data collection process, monitoring and managing data collection and finally data analysis. Since instruments for data collection are totally different, this phase needs total rearrangement. In order to evaluate the effectiveness of the use of AR for retrofit identification, two POE studies are been developed and will be compared. The study is under developed for an existing social housing development (Campinas-F of the Company of Housing and Urban Development of São Paulo) in the city of Campinas, São Paulo, Brazil (Fig. 2) . The studies will differ in the following manner: One will be developed with the traditional process model proposed by Presier, Rabinowitz and White [5] and the other will be developed with this process model adapted to the use of AR (Fig. 3 ). Report's findings extracted from the applying phase of these studies will be compared.
This article presents and discusses findings for the new proposition for the activity of research instruments development for the planning phase of POE with AR (Fig. 3) . This activity is proposed to be developed in three steps: 3D modeling, model treatment and AR application development. 3D modeling starts from 2D (Fig. 4) (Fig. 7 , that is, the J erface, the p atform with PHP (op nguage) devel nt manage, M n programmin lines 
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The incor shelf appli shortcoming long-term a while walkin Table 1 counter intuitive to simplify 3D content for upload and download performance issues. In order not to cause impact of LoD on use of AR, a balanced point between simplicity and representativeness should be found in this case. This was the solution adopted in this experiment. The LoD of the model itself did not change, for only information that did not interfere with the verification of exterior renovations filtered from the model (as window glasses, internal equipments and so on).
In terms of modeling precautions, it should be observed that the original BIM model must represent, at least, final state of construction (when it was delivered to the user). This was not the case of the BIM model used, the design drawings did not include detailed information of external stairs, ramps, trash disposal, ordinances and water inlet. Thus, it should be noted that the model to be used in POE with AR has to contain all these original details to allow a correct analysis by comparing the content viewed.
